ABSTRACT: Weeds compete with field crops mainly for water, light and nutrients, and this competition is among other factors, a function of the occurrence of weed density, and the intrinsic competitive ability of each vegetal species. The objective of this research was to evaluate the competitive ability of five weed species of the Amaranthus L. genus (A. deflexus, A. hybridus, A. retroflexus, A. spinosus and A. viridis) with dry bean plants (Phaseolus vulgaris L. -'Carioca Precoce' cultivar), using the replacement series design. A fixed total density equivalent to 80 plants m -2 was used in pots of 2.8 L capacity varying the proportions between the species in coexistence. To install the experiment, Amaranthus seedlings were transplanted to the pots at the phenological stage of completely expanded cotyledon leaves, while the crop was seeded. A factorial scheme (5 × 5) was used to carry out the experiment, consisting of five species of Amaranthus (pigweeds) and five species proportions (beans:pigweeds): 4:0, 3:1, 2:2, 1:3 and 0:4. Randomized blocks with four replicates were installed and the experiment was repeated twice. Dry bean plants were more competitive than each one of the five Amaranthus species when the species proportion was equivalent. A. deflexus and A. viridis were the weed species which phenology were less affected by the competition with dry bean; the intraspecific competition was more damaging for dry bean plants, suggesting that the damages caused by the weeds are more related to high density of infestation than to the intrinsic competitive ability of the species. , foi fixada em todos os tratamentos, variando-se as proporções entre as duas espécies em convivência. Para as proporções, as parcelas receberam o transplante de plântulas de Amaranthus em estádio de folhas cotiledonares plenamente expandidas e semeadura do feijão. Utilizouse modelo de tratamentos fatorial 5 × 5, ou seja, cinco espécies de Amaranthus (carurus) e cinco proporções de plantas (feijão:caruru): 4:0, 3:1, 2:2, 1:3 e 0:4. O delineamento experimental utilizado foi em blocos ao acaso, com quatro repetições, sendo o experimento repetido duas vezes. A cultura do feijoeiro foi melhor competidora que todas as espécies de Amaranthus estudadas neste trabalho, quando cultivadas em proporções iguais; A. deflexus e A. viridis foram as espécies com a fenologia menos afetada pela competição com o feijoeiro; a competição intraespecífica foi a mais prejudicial ao feijoeiro, o que sugere que os danos causados pelas plantas daninhas estão mais relacionados com as altas densidades de ocorrência do que com a habilidade competitiva intrínseca das espécies.
INTRODUCTION
Dry bean (Phaseolus vulgaris L.) is a shortlived cycle crop, highly sensitive to weed interference, mainly during the initial stages of its vegetative development (Cobucci, 2004) . Weeds interfere in crop yield mainly competing for sunlight, water and soil nutrients; and the interference intensity for each one of these factors is difficult to be measured due to the inter relation among them, once the deficiency of one may affect the species competitiveness by the others (Fleck, 1992) . Competition is the result of a relation between the distribution of plant limiting resources to the species in the agroecossystem, and the efficiency that each one has in using these resources to produce biomass (Rohrig & Stutzel, 2001) .
Weed infestation in dry bean fields may cause yield reductions up to 70% when not correctly managed (Arévalo & Rozanski, 1991; Kozlowski et al., 2002) . The weeds can also reduce grain quality, make the harvest difficult and host insects and pathogens that may affect negatively the crop (Christoffoleti et al., 2005) . Timing of the weed control during dry bean cropping is also an important factor to be considered, and the critical period of weed interference (CPWI) is between V3 (first trifoliate leaf) and R5-R6 (flower buds -flowering) crop growth stages (Christoffoleti et al., 2005) .
Weeds classified as Amaranthus L. genus (pigweeds) are found commonly infesting the dry bean fields. The high competitiveness of Amaranthus weeds may be related to the C 4 cycle of carbon assimilation, the speed and timing of germination, the species speed of growth, and the high density of infestation (Anderson & Nielsen, 1996; Itulya et al., 1997; Kissmann & Groth, 1999; Aguyoh & Masiunas, 2003) .
The aim of this research was to evaluate the competitiveness of five weed species of the Amaranthus genus (A. deflexus L., A. hybridus L., A. retroflexus L., A. spinosus L. and A. viridis L.) with dry bean plants ('Carioca Precoce' cultivar), through experiments with the replacement series design.
MATERIAL AND METHODS
The research was conducted in a greenhouse at Piracicaba, State of São Paulo -SP, Brazil (22º41' S, 47º41' W and 560 m of altitude), from August to December, 2005, repeating it two times. The selected weed species were: A. deflexus, A. hybridus, A. retroflexus, A. spinosus and A. viridis , 1997) . The dry bean was seeded right after pigweed transplantation to each plot. The plots consisted of 2.8 L plastic pots, filled with a mixture of commercial substrate and vermiculite, in a 2:1 proportion. Three days before transplantation, the pots were fertilized (mg per pot): N at 600; P 2 O 5 at 600; K 2 O at 800; Ca at 44; S at 160; Mg at 16; Zn at 2; B at 2; Fe at 4 and Mn at 1.2. The pots were irrigated when necessary in order to keep the soil water content close to the field capacity.
Initially for each pot two pigweed spare seedlings were transplanted and for the dry bean, two seeds were planted knowing that only one plant should remain, with the objective of ensuring the final population in each treatment. The plants were thinned out on September 14 th (first seeding date) and November 6 th (second seeding date). Four true leaves and completely expanded cotyledon leaves were the phenological stages identified for pigweeds and dry beans, respectively. The treatments were based on a replacement series design for studies of competition in mixed populations of plants according to the methodology described by Cousens (1991) . The design is based on keeping constant the total plant density per plot, and changing proportion between the species (Harper, 1977) . The populations of the isolated species are also included in the experiment and are called monocultures. The main objective of this kind of experiment has been to determine the total yield of the mixtures compared to the monoculture yield (Radosevich, 1987; Roush et al., 1989; Radosevich & Roush, 1990) . The replacement series have been used mainly to determine the best competitor of two species or biotypes and to understand how they interact with each other (Cousens, 1991) .
A population of four plants was kept per pot, distributed homogenously in the pot, which is equivalent to 80 plants m -2 . The treatments consisted of different dry bean and pigweed plant proportions. The proportions were (dry bean: pigweed): 4:0, 3:1, 2:2, 1:3 and 0:4. These proportions correspond to 100, 75, 50, 25 and 0% of dry bean plants, and the inverse of pigweed plants, i.e., 0, 25, 50, 75 and 100%, respectively, which also identify the expected production of the species, if competitively equivalent. Five replacement series design were installed, one for each of the Amaranthus species, all in mixture with dry beans of the cultivar 'Carioca Precoce' (determinate growth).
The experimental design consisted of randomized blocks with four replicates. The treatment scheme was a complete factorial 5 × 5, with five species proportions and five pigweed species. At the end of the dry bean vegetative cycle, apex meristeme differentiation to flower buds (30 days after seeding), pigweed phenological stages were evaluated for all the proportions and species, using the phenological scale described by Hess et al. (1997) . These evaluations were conducted on October 5 th (first seeding date) and November 30 th (second seeding date). Subsequently, shoot dry biomass of both species were measured (dried at 70ºC, during 72 h).
Data were analyzed through the application of the 'F' test on variance analyses, followed by Tukey's test (α = 0.05), on the significant qualitative factors. After that, data were submitted to conventional analyses for replacement series experiments (Radosevich, 1987) . For each proportion, the observed relative yields were calculated by dividing the observed production in the different proportions by the mean yield of the monoculture (Wit & Berg, 1965; McGilchrist & Trenbath, 1971; Harper, 1977; Christoffoleti, 1992) . The expected and observed productions were compared using the standard mean error of the observed production.
RESULTS AND DISCUSSION
The application of the 'F' test on variance analyses did not detect any differences between the two seeding dates, so that the results were analyzed together. Pigweed species did not influence the dry bean phenology, once all dry bean plants were at the flower bud stage at the end of the experiment. No pigweed species effect were statistically observed on dry bean shoot dry biomass, indicating that all the pigweed species have the same competitive ability in relation to dry bean plants. Likewise, the interaction species-proportion was not significant, although the isolated effect of proportion was detected (Table 1) .
The tests of multiple comparisons were rejected for the pigweed shoot dry mass because the species have naturally different growth habits and the simple comparison of this variable may not correspond to reality (Carvalho, 2006) . In this case, the phenological development of the pigweeds presents a clearer comparison of the conditions obtained in this experiment.
The maintenance of monoculture in the pots (100% pigweeds) benefited the phenological development of these species indicating that the interespecific competition was more significant for these species in Table 2 . In this growth condition, even the less developed species (A. retroflexus) reached the 51 stage (Hess et al., 1997) which corresponds to the presence of visible inflorescence.
Intraspecific competition may be highly intense, because similar individuals in a population have the same needs for quantity, quality and seasonality of the growth factors. On the other side, the interespecific competition is more important when the levels of the ambient resources are not enough for both species (Ricklefs, 1997) . Plants are considered efficient competitors when they use quickly a certain resource or when they are able to keep the development even at low levels of these resources in the environment (Radosevich, 1996) . **Significant at 'F' test with 1% of probability; ns Not significant; 1 Means followed by the same letter, in the column, are not different according to the Tukey's test (P > 0.05). The reduction of the pigweed proportion in the pots resulted in a poorer performance of these species, with clear interespecific differences, A. deflexus and A. viridis being those with the best development at low specific proportion (25%). Therefore, Amaranthus interespecific competition with the dry bean plants is more significant for the development of the weeds than the intraspecific competition (Table 2) , mainly for A. hybridus, A. retroflexus and A. spinosus. These results are in agreement with Christoffoleti & Victoria Filho (1996) that used the replacement series to evaluate the interespecific competition of corn (Zea mays L.) with A. retroflexus, in 400 plants m -2 density. Corn was much more efficient for competition than the pigweed, and the intraspecific competition was more important for the crop than the interespecific one. The opposite was true for the pigweed, i.e., the interespecific competition was the most important for this species.
Considering just one crop species, the competitive capacity is, up to a certain point, related to the variety. The best characteristics of the competitive varieties are: fast germination, fast emergence and initial growth, intense recruitment of environmental resources and high capacity of sunlight interception. These abilities reduce the use of the essential resources by the weeds (Pitelli & Pitelli, 2004) .
All the Amaranthus species were worse competitors than the dry bean crop as demonstrated by the bars of the standard mean error (Figure 1) . A. deflexus presented negative difference between the observed and the expected production, mainly in the proportions of 25 and 50% (Figure 1-A) , although its phenology was little affected ( Table 2) .
The results related to the proportion of 50% between the species are considered the critical point for a replacement series experiment analyses, since it clearly shows the best competitor, because the species are in equivalent proportion. Comparing the observed yield of dry beans with the expected yield -bars of the standard mean error -A. hybridus and A. retroflexus were weak competitors to the crop, once crop yield in all proportions was higher than the expected (Figures 1-B and C) . A. spinosus was the pigweed species that most damaged the observed shoot mass yield of the dry bean plants, which was kept with little differences to the expected shoot mass yield (Figure 1-D) .
A. viridis presented medium levels of competitiveness once at the same time the observed production was slightly different of the expected tendency; the dry bean observed production was slightly superior to the expected condition (Figure 1-E) , and the effects of competition on the phenology of this Amaranthus species was little pronounced (Table 2) . Although, in general, dry bean plants were better competitors for the available growth resources than all the Amaranthus species, presenting always productions superior to the expectative when the proportion in the pots was smaller than 100% (Figure 1-F) .
Data of the common-bean competition with Brachiaria plantaginea (alexandergrass) is also available in the literature (Passini et al., 2003) . In this case, common-bean was also a better competitor than the alexandergrass and the intraspecific competition was more intense than the interespecific one, i.e., the competitive effect among common-bean plants was higher than the competitive effect of alexandergrass over common-bean. Plants of common-bean were observed to emerge first and grow faster than alexandergrass, presenting higher plants and greater leaf area which could have contributed for its better competitive performance.
In some occasions, two species which have similar requirements for natural resources can differ in their responses (Harper, 1977) . The more aggressive species contributes more than the expected to the total yield, while the other contributes less than expected. Therefore, one curve is concave and the other is convex, indicating that the interaction between these species is for the same natural resources, but one species is more efficient in using them (Passini et al., 2003) . Dry bean probably captured the resources with more efficiency than the Amaranthus species and so dry-bean was interpreted as a superior competitor (Figure 1) .
The largest competitive ability of the dry bean identified in this experiment may be consequence of several factors, mainly those related to the biological characteristics of the species. Some supposed advantages are: (i) the dry bean germination is epigeous, with big seedlings with well lifted cotyledons over the soil surface, which secures its competitive advantage; (ii) dry bean seedlings have large cotyledon leaves that shadow little seedling weeds, which is the case of the pigweeds; and (iii) the dry bean cycle contributes to the fast initial production of large leaves (trifoliate), mainly in the case of short-cycle cultivars as the one here used.
López-Ovejero (2006) also reported a condition where the crop was more competitive than the weed species. The competitive ability of crabgrass biotypes (Digitaria ciliaris) with the soybean crop (Glycine max) were compared using the replacement series design. Soybean was a better competitor than the crabgrass biotypes, with better yield than the expected production. Seven days of delay in the soybean emergence relative to the emergence of the crabgrass increased the crabgrass competitiveness, but it was not sufficient to invert the competitive situation.
There are still other characteristics related to field or experiment conduction that interfere on species competitiveness. The negative effects of competition on crop yield are commonly reduced with the -A. hybridus; C -A. retroflexus; D -A. spinosus; E -A. viridis, F -Mean of all species. Piracicaba, SP, Brazil, 2005 . PEP = pigweed expected production, DEP = dry bean expected production, POP = pigweed observed production, DOP = dry bean observed production, TEP = total expected production, TOP = total observed production. increasing of the time interval between the crop and weed emergence (Fleck et al., 2004) . In this case, weeds that emerge early before the crops are more able to compete than those of late emergence. Using the replacement series design, showed that the reduction in the mass of the soybean crop was more intense in the presence of Ipomoea ramosissima than of Euphorbia heterophylla and, mainly, in the situations in which the weeds were established before the crop. Rizzardi (2002) studied the relation between yield losses caused by late soybean seeding and the vegetal covering desiccation. Yield losses caused by the presence of 50 plants m -2 of Bidens spp. and Sida rhombifolia were less intense when the foliage was desiccated nearer soybean sowing.
The results obtained in this experiment and in the available literature indicate that, in many cases, the competitive ability of a crop is superior in relation to the competitive ability of the weeds, when compared in equivalent proportions (Passini et al., 2003; López-Ovejero, 2006; Christoffoleti & Victoria Filho, 1996) . Therefore, probably the high weed infestation density is an interespecific factor of competition that presents more negative effects over the agricultural production than the intrinsic competition ability of the species. For example, Aguyoh & Masiunas (2003) observed that the increasing of A. retroflexus density promoted a reduction in the dry bean production, reaching losses sometimes greater than 50%, for the highest densities. Similar results were obtained by Klingaman & Oliver (1994) , Dieleman et al. (1995) and Bensch et al. (2003) studying the soybean crop competition with weed species of the Amaranthus genus.
Dry bean plants are more competitive than each one of the five evaluated species of Amaranthus when grown in equivalent proportion; A. deflexus and A. viridis had their phenology less affected by the competition with dry bean; the intraspecific competition was the most damaging to dry bean plants, which suggests that the damages caused by the weeds are more related to the high density of infestation than to the intrinsic competitive ability of the species.
